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APPARATUS FOR GENERATING ULTRASOUND 

The present invention provides apparatus for generating 
ultrasound. 

5 

The term ''ultrasound 7 ' is commonly used to refer to sound 
energy having a frequency above 20 kHz, i.e. frequencies 
higher than those normally audible to humans. Ultrasound is 
conventionally generated by a transducer, which converts 

10 mechanical or electrical energy into ultrasonic vibrations, 
and transmitted to the desired medium, typically via a horn 
or probe. Most conventional ultrasonic transducers are 
designed to deliver frequencies in the range from 20 to 35 
kHz. Transducers operating below 20 kHz can be excessively 

15 noisy, whereas reductions in power delivery can occur above 
35 kHz. 

The industrial uses of ultrasound are varied and well known, 
for example, welding, cutting, atomisation, cleaning and 
20 decontamination, and industrial processing. 

As referred to above, apparatus for generating ultrasound 
typically comprises a transducer and a horn or probe. 
Additional components commonly referred to as boosters and 

25 extenders are often used with the transducer and horn or 
probe. The booster and/or extender are typically used to 
modulate the amplification of ultrasonic vibration at the face 
of the horn or probe, e.g. the booster and/or extender riiay be 
used to increase or decrease the vibrational energy emitted 

30 at the face of the horn or probe. The term "ultrasonic stack" 
is conventionally used in the art to describe apparatus for 
generating ultrasound which comprises a transducer, booster, 
extender, and horn or probe combination. The transducer passes 
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vibrations through the booster and/or extender to the horn or 
probe, and thus into the desired medium. Thus, in operation 
the entire stack vibrates apart from those points which are 
at a nodal position in the ultrasonic vibration wavelength. 
5 The wavelength will be determined by the frequency of 
vibration of the transducer. 

Ultrasonic stacks are usually designed so that the booster is 
at a nodal point in the stack. Thus, whilst some parts of the 
10 booster will vibrate, there will be a part of the booster 
which is substantially static. 

Securing an ultrasonic stack into an industrial application 
can thus create difficulties. The nodal point of vibration of 
15 the stack is small, and ensuring that a vibrating stack is 
securely attached to, for example, a vessel, a pipe or flow 
cell having high pressure fluid passing therethrough is 
difficult . 

20 In this regard, boosters are conventionally top mounted and 
sealed with flat gaskets. As shown in Figure 1, such a stack 
1 conventionally comprises a booster 5 mounted to a shaft 3 
of, for example, a radial horn 4. The connection may be made 
using, for example, a threaded stud 8, and/or may include 

25 welding the two components together. In order to allow 
insertion and removal of the stack 1 from a housing 2, an 
aperture 7 of suitable dimensions is provided. In order to 
secure the stack to the housing, a top plate 6 is provided 
around the shaft 3. The top plate is sealably connected to the 

30 booster 5 and the top plate is in turn sealably connected to 
the housing 2 adjacent the periphery of the aperture 7. 
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The relative dimensions of the radial horn 4, the shaft 3 and 
the booster 5 mean that the booster 5 and the radial horn 4 
are separate elements which are connected once the top plate 
6 has been placed on the shaft, in effect between the larger 
5 dimensioned booster and the end of the radial horn. 

The discrete nature of the radial horn and the booster has 
certain disadvantages, particularly in that the inherent 
vibration associated with the stack inevitably undermines the 
10 connection between these components. Hence the connection 
between the radial horn and the booster is often prematurely 
compromised after time through usage of the stack. 

Further, with the arrangement described above, constraints are 
15 placed on the nature of the connection between the stack and 
the housing. 

An object of the present invention is to an arrangement which 
seeks to alleviate such problems associated with known 
20 arrangements. 

According to an aspect of the present invention there is 
provided ultrasound generating apparatus; the apparatus 
comprising :- 

25 an ultrasonic stack having a transducer for generating 

ultrasound and a booster for amplifying vibrational energy 

generated by the transducer; 

a mounting plate for mounting the stack to a vessel; 

wherein the booster is provided on an inwardly orientated face 
30 of the mounting plate in relation to the vessel. In this way, 

the booster projects into the interior of the vessel. 



Preferably, the stack comprises a substantially longitudinal 
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element, the booster comprising an enlarged or sleeve-like 
portion on said longitudinal element. In preferred 
embodiments, the transducer comprises a shaft of substantially 
circular cross-section, the booster comprising a longitudinal 
5 portion of increased radius provided on the shaft. 

The booster may present at one end a sealing surface for 
contact with the mounting plate. This preferably comprises a 
substantially annular surface, having therein an annular 
10 channel. In preferred embodiments, a seal is provided within 
the annular channel. Using a channel arrangement for housing 
the seal allows the positional accuracy of the seal to be 
maintained when compared with a flat seal. 

15 Conveniently, the seal is an o-ring seal. The o-ring seal is 
formed of a low-shrinkage elastomer. It is moulded for high 
dimensional accuracy. The seal is dimensioned such that when 
the booster sealing surface is urged into contact with the 
mounting plate it is placed under an internal compressive 

20 pressure. It is thereby forced to deform and is hence pre- 
loaded to an extent which will exceed any system pressures 
experienced by the seal between the booster and the mounting 
plate in use. As such, the seal is intact to 100 Bar affording 
the apparatus a design value of 10 for its "factor of safety". 

25 

Preferably, the booster is held into contact with the mounting 
plate by way of one or more clamps which contact an annular 
surface provided on the booster at its end opposite from the 
sealing surface end "which contacts the mounting plate. 

30 

In preferred embodiments, two clamps are provided, each being 
half of a flanged collar. 
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Conveniently, the clamps are bolted to the mounting plate. 
Preferably, the ultrasonic stack has a radial horn at one end. 

In preferred embodiments, the ultrasonic stack comprises a 
5 transducer, a booster and a radial horn/probe, all formed as 
an integral unit. This enhances the durability of the 
apparatus. 



According to a further aspect of the present invention there 
10 is provided ultrasonic stack apparatus; the apparatus 
comprising: - 

an ultrasonic stack having a transducer for generating 
ultrasound and a booster for amplifying vibrational energy 
generated by the transducer; 
15 a mounting plate for mounting the stack to a vessel; 

wherein the mounting plate is coupled to the stack so as to 
project the booster into the interior of the vessel. 

An example of the present invention will now be described with 
20 reference to the accompanying drawings, in which: - 

Figure 1 shows a conventional ultrasonic stack mounting 
arrangement; 

25 Figure 2 shows an ultrasonic stack mounting apparatus of the 
present invention; and 

Figure 3 shows a exploded perspective view of certain 
components the ultrasonic stack arrangement of Figure 2. 

30 

Figure 1 is discussed above in the introduction. Turning to 
Figures 2 and 3, there is shown an ultrasonic stack apparatus 
10 of the present invention. 
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In this respect, the apparatus comprises a stack 20 formed 
from a transducer 11, a booster 12 and a radial horn 13. The 
transducer, booster and radial horn are formed integrally as 
a one piece member. 

5 

The stack takes the form of a substantially longitudinal shaft 
of circular cross-section, the booster comprising an enlarged 
portion on said longitudinal element, 

10 The booster presents at one end a sealing surface 14 for 
contact with a mounting plate (or so-called top plate 15) . 

This booster sealing surface 14 comprises a substantially 
annular track, having therein an annular channel 16. 

15 

Mounted in the channel is a seal in the form of an o-ring seal 
17. The o-ring seal is moulded from a low-shrinkage elastomer. 
It is moulded for high dimensional accuracy and is dimensioned 
such that when the booster sealing surface 14 is urged into 
20 contact with the mounting plate 15, it is placed under an 
internal compressive pressure. It is thereby forced to deform 
and is hence pre-loaded to an extent which is set to exceed 
any system pressures experienced by the seal in use. 

25 By way of the annular channel and o-ring seal, the positional 
accuracy of the seal can be maintained. As such the seal can 
be more reliably formed and maintained. 

The seal between the booster sealing surface 14 and the 
30 mounting plate has three sections, namely a metal to metal 
seal at the inner and outer peripheries of the radial extent 
of the booster sealing surface 14, and a elastomer to metal 
seal sandwiched therebetween. The elastomer to metal seal 
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takes up around a third of the radial extent of the seal, each 
of the metal to metal seals also taking up a third 
respectively, 

5 As such, the seal can be made to be intact to system pressures 
of 100 Bar, affording the apparatus a design value of 10 for 
its "factor of safety". 

The booster 12 is held into contact with the mounting plate 
10 15 by way of clamps 18 which contact an annular surface 19 
provided on the booster at its lower end, opposite from the 
sealing surface end which contacts the mounting plate. 

These clamps 18 each take the form of half of a flanged collar 
15 (or a split flange collar) . The clamps are connected to the 
mounting plate using bolts 19. 

It will be understood that having the booster in the 
underslung position whereby it is submerged within the vessel 
20 interior, affords certain advantages. It more readily allows 
the stack to be provided as a single integral unit, as the 
mounting plate does not need to be provided between the 
booster and the radial horn. 

25 Further, the positioning of the stack is enhanced in relation 
to ensuring that the nodal point where there is least 
vibration of the stack, is as close as possible to the point 
of sealing and mounting with the vessel housing. 



30 
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Claims 

1. Ultrasound generating apparatus; the apparatus 
5 comprising 

an ultrasonic stack having a transducer for generating 
ultrasound and a booster for amplifying vibrational energy 
generated by the transducer; 

a mounting plate for mounting the stack to a vessel; 
10 wherein the booster is provided on an inwardly orientated face 
of the mounting plate in relation to the vessel . 

2. Ultrasound generating apparatus according to claim 1, 
wherein, the stack comprises a substantially longitudinal 

15 transducer element, the booster comprising an enlarged portion 
on said longitudinal element. 

3. Ultrasound generating apparatus according to claim 1 or 
2, wherein the transducer comprises a shaft of substantially 

20 circular cross-section, the booster comprising a longitudinal 
portion of increased radius provided on the shaft. 

4. Ultrasound generating apparatus according to any one of 
claims 1 to 3, wherein the booster presents at one end a 

25 sealing surface for contact with the mounting plate. 

5. Ultrasound generating apparatus according to any 
preceding claim, wherein the booster sealing surface comprises 
a substantially annular track, having therein an annular 

30 channel. 

6. Ultrasound generating apparatus according to any 
preceding claim, wherein a seal is provided within the annular 
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channel. 

7, Ultrasound generating apparatus according to claim 6, 
wherein the seal is an o-ring seal. 

5 

8. Ultrasound generating apparatus according to claim 7, 
wherein the o-ring seal is formed of a low-shrinkage 
elastomer. 

10 9. Ultrasound generating apparatus according to any 
preceding claim, wherein the booster is held into contact with 
the mounting plate by way of one or more clamps which contact 
an annular surface provided on the booster at its end opposite 
from the sealing surface end which contacts the mounting 

15 plate. 

10. Ultrasound generating apparatus according to claim 9, 
wherein two clamps are provided, each being half of a flanged 
collar. 

20 

11. Ultrasound generating apparatus according to claim 9 or 
10, wherein the clamps are bolted to the mounting plate. 

12. Ultrasound generating apparatus according to any 
25 preceding claim, wherein the ultrasonic stack has a radial 

horn at one end. 

13. Ultrasound generating apparatus according to any 
preceding claim, comprising a transducer, a booster and a 

30 radial horn/probe all provided as an integral unit. 

14. Ultrasonic stack apparatus; the apparatus comprising 
an ultrasonic stack having a transducer for generating 
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ultrasound and a booster for amplifying vibrational energy 
generated by the transducer; 

a mounting plate for mounting the stack to a vessel; 
wherein the mounting plate is coupled to the stack so as to 
5 project the booster into the interior of the vessel. 

15. Ultrasound generating apparatus substantially as 
hereinbefore described with reference to Figures 2 and 3 of 
the accompanying drawings. 

0 

16. Ultrasonic stack apparatus substantially as hereinbefore 
described with reference to Figures 2 and 3 of the 
accompanying drawings. 
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